The effect of Thuja occidentalis against damage induced by γ radiation was studied. Whole-body exposure of Swiss albino mice to γ-rays (6 Gy) reduced the total white blood cell count to 1900 cells/mm 3 on the third day, which was elevated to 2050 cells/mm 3 by the administration of alcoholic extract of T occidentalis (5 mg/dose/animal, intraperitoneally). Six animals from each group were killed after 2, 7, and 11 days of irradiation to detect the bone marrow cellularity and radiation-induced toxicity. The number of bone marrow cells and α-esterase positive cells in control animals after 11 days was reduced to 12.2 × 10 6 cells/femur and 693.5/4000 cells, respectively. In T occidentalis-treated animals, bone marrow cellularity was increased to 16.9 × 10 6 cells/femur and αesterase positive cells were 940/4000 cells, a nearly normal level. Alcoholic extract of T occidentalis reduced the elevated levels of GPT and alkaline phosphatase in liver and serum after irradiation. The lipid peroxidation levels were also lowered in the irradiated animals treated with the Thuja extract.
Ionizing radiation is toxic to organisms since it induces deleterious structural changes in essential macromolecules. 1 Agents that protect normal tissues against radiation damage can increase patient tolerance to radiotherapy. Several synthetic compounds have been found to provide good radiation protection in experimental animals, but their clinical utility is limited by their expensive cost and their toxicity on repeated administration. 2 Drugs such as amifostine produce side effects such as nausea, vomiting, and hypotension. 3, 4 Therefore, there is a need to find nontoxic and less expensive drugs for clinical radioprotection. Recent studies in our laboratory show that commonly used medicinal plants and herbal preparations 5, 6 are a good source of radioprotectors in experimental models, as well as in patients receiving radiotherapy. 7 Northern white cedar, Thuja occidentalis L. (Cupressaceae), is also called arborvitae. The plant arborvitae or "tree of life" was first identified in the 16th century by the French explorer Cartier and was found to prove effective in the treatment of weakness from scurvy. 8 Today, Thuja is mainly used in homeopathy as mother tincture or dilution. This medicinal plant is also used as evidence-based phytotherapy for acute and chronic infections of the upper respiratory tract. 9 Spleen cells isolated from mice treated with Thuja produced higher amounts of interleukin-2, interferon-γ, and granulocyte macrophage colonystimulating factor ex vivo. 10 Thuja polysaccharide g fraction was shown to be an inducer of CD + 4 fraction of the human peripheral blood T cell subset. 11 The present study evaluates the radioprotective effect of T occidentalis extract using animal models.
Materials and Methods

Animals
Inbred strains of male Swiss albino mice (4-6 weeks old, 20-25 g) were purchased from the National Institute of Nutrition (Hyderabad, India). They were housed in ventilated cages in air-controlled rooms and were provided normal mouse chow (Sai feeds, India) and water ad libitum. Experimental procedures were adopted as approved by the animal experimentation committee.
reduced glutathione (GSH) were purchased from SRL Ltd (Mumbai, India). Estimation kits for alkaline phosphatase (ALP) and pyruvate transferases (GPT) were purchased from Span Diagnostics Ltd (India) and used following the manufacturer's protocol. All other chemicals and reagents used in this study were of analytical grade.
Drug Preparation
Aerial parts of the authenticated T occidentalis were collected locally and were dried at 45°C. The plant was identified by Dr Regi Raphael, taxonomist, St. Mary's College, Thrissur, India, and a voucher specimen of the plant (CP01) was kept in the herbarium of Amala Ayurvedic Hospital, Thrissur, India.
Alcoholic extract. A total of 100 g dried leaf and small twig T occidentalis powder was stirred overnight in 70% methanol and centrifuged at 7225 × g at 4°C, and supernatant was collected. Methanol was evaporated in vacuum, and the yield of the preparation was 15%. Phytochemical analysis of the extract showed the presence of flavanoids; it was found to be positive in the anthrone-polysaccharide test. The extract was resuspended in 1% gum acacia to the desired concentration (5 mg/dose/animal).
Irradiation Protocol
In each experiment, animals were treated with a single dose of radiation of 6 Gy. The source of radiation was a 60 Co teletherapy unit (Theratron 780, Canada). Animals were restrained in specially designed, wellventilated cages and exposed to whole-body radiation at a rate of 1.4 Gy/min.
Extract Administration
In each experiment, the animals were exposed to a single dose of radiation. Immediately after the radiation dose, treatment was begun with the extract at a concentration of 5 mg/dose/animal, for a total of 5 consecutive days.
Determination of the Effect of T occidentalis on Hematological Parameters
Male Swiss albino mice (4-6 weeks old, 20-25 g) were divided into 2 groups (6 animals/group). All animals in both groups received a single dose of whole-body radiation (6 Gy/animal). Group I served as an untreated control, and group II was treated with the extract of T occidentalis. Blood was collected from the caudal vein, and total leukocyte count was determined using a hemocytometer. Differential count, hemoglobin content, 12 and weight of the animals were recorded before radiation exposure and continued on every third day for 30 days.
Determination of the Effect of T occidentalis on Bone Marrow Cellularity and -Esterase Activity
Three groups of male Swiss albino mice (4-6 weeks old, 18 mice/group) were used for the experiment. Group I was kept as a nonirradiated normal control. Animals in groups II and III were exposed to a single dose (6 Gy/animal) of whole-body radiation. Group II served as the irradiated control, and in group III, the extract was administered immediately after the radiation exposure for 5 consecutive days. Six mice from each group were killed on days 2, 7, and 11 for analysis of bone marrow cellularity and α-esterase activity.
Bone marrow cellularity was determined according to a previously published method. 13, 14 Bone marrow was collected from the femur and made into a singlecell suspension. The number of cells was determined using a hemocytometer and expressed as total live cells (trypan blue exclusion method) per femur.
Bone marrow cells from the above preparations were smeared on clean glass slides and stained with prosaniline and Harris hematoxylin to determine the nonspecific α-esterase activity by simultaneous azo dye coupling method. 15
Determination of the Effect of T occidentalis on Radiation-Induced Toxicity
Male Swiss albino mice (4-6 weeks old) were divided into 3 groups (18 mice/group). Group I was kept as a nonirradiated normal control. Animals in groups II and III were exposed to a single dose (6 Gy/animal) of whole-body radiation. Group II served as the irradiated control, and in group III, the extract was administered immediately after the radiation exposure for 5 consecutive days.
Six animals from each group were killed after 2, 7, and 11 days by cervical dislocation. Blood was collected by heart puncture immediately following sacrifice, and serum was separated. The liver and small intestine were collected to evaluate radiation-induced toxicities; total protein was estimated by Lowry et al's method. 16 GSH levels in liver homogenate and intestinal mucosa were estimated by the method of Moron et al, 17 based on the reaction with DTNB. Activities of liver homogenate and serum pathophysiological enzymes such as alkaline phosphatase 18 and glutamate pyruvate transaminase 19 were determined. The lipid peroxidation level in liver and serum was measured using thiobarbituric acid-reactive substances by a previously published method. 20
Histopathological Studies
The jejunal portion of the small intestine from the previous experiment was excised and fixed in 10% formaldehyde. Sections (4 µm) were stained with eosin and hematoxylin.
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Statistical Analysis
The data were subjected to Student t test to determine significant differences between the groups. The values are expressed as mean ± SD.
Results
Effect of T occidentalis on Hematological Parameters
Irradiation significantly reduced total white blood cell (WBC) count in control mice not treated with Thuja extract to 1900 cell/mm 3 by the third day after radiation exposure, which gradually increased to 5200 cells/mm 3 by day 30 (Figure 1 ). The Thuja-treated group had a lower WBC count initially, 2050 cells/ mm 3 on day 3; however, the values increased significantly, relative to untreated controls, to 7558.3 cells/ mm 3 on the 21st day. There was no significant effect on the differential count, hemoglobin level, and body weight (data not shown).
Effect of T occidentalis on Bone Marrow Cellularity and -Esterase Activity
There was also a drastic reduction in bone marrow cellularity in irradiated control animals not treated with Thuja after 48 hours (4.4 × 10 6 cells/femur) compared to normal animals (14.5 × 10 6 cells/femur). Treatment with the Thuja extract significantly increased the bone marrow cellularity relative to untreated controls, to 7.7 × 10 6 cells/femur after 48 hours, which increased gradually to 16.9 × 10 6 cells/ femur on day 11 ( Table 1 ).
The effect of T occidentalis on α-esterase-positive cells is presented in Table 2 . The number of αesterase-positive cells in bone marrow of irradiated control animals not treated with Thuja extract was dramatically low (200 cells/4000 cells) at 48 hours and did not reach the normal level (992 cells/4000 cells) even after 11 days. In the case of Thuja-treated irradiated animals, there was a significant increase in α- hours compared to the control, and after day 11, levels were nearly normal.
Effect of T occidentalis on Radiation-Induced Toxicity
The animals exposed to radiation had a lowered level of GSH in intestinal mucosa (6.6 nmol/mL) and liver homogenate (2.23 nmol/mL) after 48 hours. A significantly higher GSH content (intestinal mucosa 15.3 nmol/mL and liver homogenate 4.02 nmol/mL) was observed in Thuja-treated animals relative to untreated controls (Table 2 ). In irradiated control animals, the liver ALP was 15.2 KA units at 48 hours after radiation exposure, and the level was elevated to 16.1 KA units on day 7 after radiation exposure, while in the Thuja-treated group, the ALP level was decreased to 12.2 KA units at 48 hours and rose slightly to 14.3 KA units on day 7 ( Table 3) . The normal ALP level is 14 KA units. On day 11 after radiation exposure, the liver ALP was decreased to normal levels in all cases.
In the case of serum ALP, the irradiated control animals showed an elevated level of 15.8 U/mL at 48 hours and 20.2 U/mL on day 7, however, the administration of T occidentalis decreased the elevated level of serum ALP to 13.1 U/mL at 48 hours and 15.2 U/mL on day 7, when compared to the control animals. The normal level of serum ALP is 13 U/mL. Serum and liver GPT (120 U/mL and 89.7 U/mL, respectively), which were increased after radiation, were significantly lower in the Thuja-treated group (serum 92.2 U/mL, liver 84.1 U/mL; Table 4 ) after 48 hours than in untreated control animals.
Whole-body γ-irradiation caused an increase in the amount of lipid peroxidation products ( Table 5 ). An increase in the thiobarbituric acid-reactive substances level in the liver (4.5 nmol/mg protein formed/min/ mg protein) and serum (2.96 nmol/mL) was evident Treated animals were given 5 doses of alcoholic extract of T occidentalis after exposure to radiation (6 Gy). Bone marrow cells were collected from femur. Values are the mean ± SD. Statistical differences are reported between control + radiation and T occidentalis + radiation groups. *P < .001. in untreated control animals 48 hours after the radiation exposure. In Thuja-treated, irradiated animals at the same time point, the level of lipid peroxidation products was significantly reduced to 3.4 nmol/mg protein formed/min/mg protein in liver and 1.58 nmol/mL in serum. At day 11 after radiation exposure, the liver lipid peroxoide (LPO) level reached normal levels (serum 1.68 nmol/mL; liver 1.23 nmol/ mg protein formed/min/mg protein) in Thujatreated animals.
Effect of T occidentalis on Radiation-Induced Damage in Mouse Intestine
Complete crypt recovery was not seen during the observation period in the irradiated control group, while in the irradiated Thuja-treated group, the normal crypt number was restored by 7 days (Figure 2 ).
Discussion
Radioprotection may include scavenging of free radicals and protection of cellular and subcellular entities against oxidative damage as well as restoration of normal cell proliferation. Compounds having such properties can offer protection against radiation damage in the clinical setting. Major side effects of radiotherapy comprise tissue injury in target and nontarget cells, especially cells of the immune system. Owing to the extremely high radiosensitivity of the bone marrow, damage to the hematopoeitic system is, to some extent, always observed in whole-body irradiation as a typical manifestation. 21 This study was carried out mainly to determine the immunomodulatory activity of T occidentalis and its potential to reduce toxicity induced by radiation to evaluate its use as an adjuvant during radiotherapy. Administration of alcoholic T occidentalis extract significantly reduced the leukopenia induced by a sublethal dose of radiation therapy. The Thuja-treated mice attained normal WBC counts at the end of the treatment, whereas the regenerative capacity in control animals was very low and did not regain a normal level. This indicates that T occidentalis stimulated the hemopoietic system, which is highly sensitive to ionizing radiation owing to its high proliferation rate. In irradiated mice, T occidentalis treatment significantly increased the bone marrow cellularity and α-esterasepositive cells, which indicated proliferation of stem cells and their differentiation.
Free radicals generated during radiolysis of water play the most significant role in the indirect biological damage induced by ionizing radiation. 22 The GSH detoxification system is an important part of cellular defense against a large array of injury agents. GSH offers protection against oxygen-derived free radicals and cellular lethality following exposure to ionizing radiation. 23 GSH is a versatile protector and executes its radioprotective function through free radical scav- 24 The decreased serum enzyme activities observed in the irradiated group could be due to the increased formation of hydroxyl radicals. It has been reported that hydroxyl radicals inhibit alkaline phosphatase activ-ity 25 and that oxygen radicals generated during the peroxidation reaction will attack the protein molecules in membranes. 26 The liver enzymes, which moderately increased in the irradiated group by day 7, had lower peak levels in the Thuja-treated groups. In Thuja-treated groups, the level of ALP was decreased and then retained the normal level. Similarly, serum and liver GPT levels, which were increased after radiation, were significantly lower in T occidentalis-treated groups.
Radiolytic products, including hydroxyl and hydroperoxyl radicals, can initiate lipid peroxidation. 27 In the present study, it was observed that irradiation increased the serum and LPO level but that the Thujatreated group had a significantly lower postirradiation LPO level than the control group did. Inhibition of LPO in biomembranes can be caused by antioxidants. 28, 29 The small intestine has been reported to have a remarkable capacity for repair. 30 A delay in the rate of recovery after high doses of radiation could be explained on the basis of high stem cell depletion by apoptotic as well as mitotic death. In the present study, the rate of recovery was faster in the T occidentalistreated group.
These results indicate that administration of alcoholic extract of T occidentalis protected mice from toxic effects of radiation and promoted the recovery of bone marrow cells and leukocytes. The mechanisms by which T occidentalis protects animals from radiation are not known. One of the mechanisms may be by scavenging free radicals. 
